Introduction
Disease resistance in plants depends on multiple defense mechanisms for which the concept of co ordinated defense has been proposed [1, 2] . One common type of inducible defense response detect ed in plants is their ability to form low-molecularweight antifungal compounds (phytoalexins) when brought into contact with a potentially pathogenic microorganism or an abiotic elicitor (UV irradia tion, heavy metal salts etc.). and characterization of the phytoalexin glabridin (1 a) and its rates of accumulation in relation to the activities of PA L and CHS.
Ornithopus sativus

Materials and Methods
Biological material
Colletotrichum trifolii isolates were obtained from C entralbureau voor Schimmelcultures, Baarn, The Netherlands, and m aintained on malt-extractagar (Serva) at 27 °C. The cultures were transferred at intervals of 4 weeks. The spores were isolated from 3-week old cultures by flooding with distilled E^O. For the suspension cultures, a medium (pH 5-6) supplem ented with 15 g sucrose, 5 g ca sein hydrolysate, 1 g KH 2P 0 4, 250 mg M gS 04, and 27 mg FeCl3 per litre was used.
For aerial tissue assays, seeds of Ornithopus sati vus (a voucher specimen of O. sativus was deposit ed in the herbarium of the Institute for Plant Bio chemistry Halle) were sown in soil and seedlings grown for 4 0 -5 0 days in a greenhouse at 15 -2 0 °C. The plants were sprayed with 0.05 m C u S 0 4 solu tion (10 ml/60 g plant m aterial) or a spore suspen sion of C. trifolii (15 ml/60 g plant material; 1 ml contains 1 x 107 spores).
Cell suspension cultures were obtained from stem-derived callus cultures of sterile O. sativus seedlings. They were grown in 250 ml conical flasks containing 30 ml of a modified Murashige and Skoog medium [3] supplem ented with sucrose (3%), C a-pantothenate (5 mg/1), inositol (80 mg/1), 2,4-dichlorophenoxyacetic acid (1 mg/1) and kinetin (0.2 mg/1) on rotary shakers (80 rpm) at 27°C either in the dark or under illumination (2000 lux provided by white fluorescent tubes). The pH of the medium was adjusted to 5.6-5.8. Transfer of cells (10 ml) to fresh medium (30 ml) was perform ed every 10-11 days.
Induction experiments
Inoculation of the cell suspension cultures of O. sativus was carried out with 0.5 ml spore sus pension (1 ml contains 106 spores) of C. trifolii or yeast polysaccharide [4] (5 g of 6-day old cells were transferred to 30 ml of fresh medium and incubated with 20 mg of yeast elicitor from Saccharomyces cerevisiae). Cells were harvested 3 -4 8 h after in duction and were frozen in liquid nitrogen.
The preparation of the yeast glucan elicitor was performed according to Schumacher et al. [4] . The final preparation was lyophilized and stored as a dry powder until used. For elicitation, this powder was dissolved in H 20 , autoclaved for 20 min and applied under sterile conditions to the cell cultures.
Antifungal bioassay
The glabridin containing fractions were subject ed to TLC in CHCl3-M e O H (9:1), the plates then sprayed with a spore suspension of Cladosporium cucumerinum (obtained from the firm FahlbergList M agdeburg), and incubated at 25 °C in the dark for 2 days. The fungitoxic compounds on the TLC plates were visible as white spots bare of mycelium in a dark grey layer of the mycelium covering the plates [5] .
Tissue extraction and enzyme assays
Crude cell extracts were obtained by stirring fro zen cells of O. sativus (2 g) for 5 min on ice with 4 ml of 0.1 m Tris-HCl buffer pH 7.5 containing 10% glycerol, 14 mM 2-m ercaptoethanol in the presence of 200 mg Dowex 1 x 2 , which had been equilibra ted with 0.1 m Tris-HCl buffer pH 7.5. The slurry was centrifuged for 15 min at 28 000 X g and 4 °C. The supernatant was used as crude enzyme extract to measure the activities of PA L [6] , CHS [7] and protein content [8] .
Product analysis
General Mps: corr. *H NMR spectra were recorded at 300 MHz and 500 MHz, and 13C spectra at 75.5 MHz and 125 MHz. The mass spectra were m easured at 16 eV and 70 eV. Column chromatography was car ried out on silica gel 60 (0.063 -0.2 mm), TLC on si lica gel sheets (1 mm, PF254) and HPLC on LiChrosorb (100X4) RP 18 or LiChrospher (100X4) RP 18. Methylation was done with CH2N2 and acetylation with p y ridine-A c20 . 
Isolation o f phaseollinisoflavan (2a)
Seeds (800 g) of Phaseolus vulgaris L. were imbib ed in distilled H 20 for 2 h in the dark. Subsequent ly the seeds were soaked in 1 m M A g N 0 3 solution for 2 h, rinsed with distilled H 20 and incubated in the dark at 25 °C and 90% rel. humidity for 5 days [10]. Germ inating seeds were homogenized (Ultra Turrax) in E tO H and extracted with EtO H . The crude extract was evaporated to dryness under re duced pressure and chromatographed on a silica gel column in CHC13 and CHC13-M eOH (1 9 :1 -1 7 :3 ). Further purification was
Results and Discussion
Bioassay-directed fractionation of the methanolic extracts from O. sativus plants which had been treated with C u S 0 4 solution or inoculated with a spore suspension of C. trifolii, resulted in the isola tion of an antifungal compound la , which com plete ly inhibited the germination of Cladosporium cucumerinum conidia. The same compound was also obtained after elicitation of cell suspension cultures of O. sativus with yeast polysaccharide or spores of C. trifolii. Due to the fact that the unequivocal discrimina tion between glabridin (la ) andphaseollinisoflavan (2 a) based on IR-, UV-and NM R-spectra (Table I) was difficult, and since detailed 13C NMR data have not yet been published, 2 a was isolated from germ inated seeds of Phaseolus vulgaris L. elic ited with A g N 0 3 solution. The UV-, along with the mass spectra of l a and 2a suggest that the com pounds should be isoflavans [12, 13] .
The mass spectra of isoflavans such as glabridin (la ) and phaseollinisoflavan . ■ P h y to a lex in A c cu m u la tio n in O rn ith o p u the coupling patterns and chemical shift data. The position of the two hydroxy groups of glabridin ( 1 a) and phaseollinisoflavan ( 2 a) could be estimated using NOE difference spectra. Irradiation of the hy droxy signal of l a at 9.11 ppm caused an enhance ment of the doublet at 6.31 ppm (J = 2.4 Hz, H-3') and of the double doublet at 6.17 ppm (J -8.3/2.4 Hz, H-5'). Irradiation of the other hydroxy group at 9.38 ppm also gave an NO E for the doublet at 6.31 ppm.
In DM SO-D6 solution the *H NM R spectrum of 2a contained two hydroxy signals at 9.14 and 8.91 ppm. Irradiation at 9.14 ppm enhanced the double doublet at 6.28 ppm (/=8.1/2.4 Hz, H-6) and the doublet at 6.18 ppm ( / = 2.3 Hz, H-8), whereas irradiation at 8.91 ppm resulted in a positive N O E for the doublet at 6.72 ppm (J = 10 Hz, H -a). Thus the hydroxy groups have to be at C-7 and C-2', re spectively. In a similar m anner 7-OMe and 2'-OM e for 2b and 7 -0 Ac and 2'-O A c for 2c were distin guished by NO E differences experiments.
The known assignments of the proton signals of 1 a and 2 a were transferred to carbons with attached protons using a one-bond heteronuclear chemical shift correlation 2D NM R experiment. By a proton detected multiple-bond X H 13C correlation spectrum (HMBC) all quaternary carbon signals could be as signed. Thus, the unequivocal assignment of 13C resonances in l a and 2a was achieved (Table II) . All the data for l a are consistent with the structure being that of glabridin, previously isolated from the roots of Glycyrrhiza glabra L. [9] and Glycyrrhiza glabra L. var typica [14] , The correlations for pha seollinisoflavan ( 2 a) between the two hydroxy pro ton signals and C-6/C-7/C-8 and C-17C-27C-3' respectively, are in agreement with the results of the above mentioned NO E difference spectra. A time course study of glabridin (la ) accumula tion was performed using O. sativus plants. The re-sponses towards treatm ent with C uS 04 solution or inoculation with spores of C. trifolii were signifi cantly different. A fter treatm ent with the abiotic elicitor, glabridin accumulation reached a maximum 24 h after application. In obvious contrast, l a was increased 10-fold above the control 8 days after in oculation with spores of C. trifolii (Fig. 1) . After that no further increase was recorded. The application of spores of C. trifolii to a cell sus pension culture of O. sativus led to a considerable accumulation of l a during the first 24 h. Decline in the level of l a after 48 h implies the possibility of metabolism of the phytoalexin by the micro organism and/or the plant tissue and/or excretion of l a into medium (Fig. 2) .
The analysis of biosynthetic pathways leading to phytoalexin formation requires a detailed knowl edge of enzymes involved. It has been dem onstrat ed that isoflavanoid phytoalexin formation is asso ciated with large transient increases in the activities of the enzymes of general phenylpropanoid m etab olism. The results indicate that the activities of most of the enzymes related to phytoalexin biosynthesis are probably enhanced after elicitor treatm ent.
The biosynthesis of glabridin ( la ) includes a num ber of reactions catalyzed by PAL, CHS, prenyltransferase etc. The assays of PA L and CHS activi ties during the accumulation of l a after elicitation with a polysaccharide from yeast [4] (Fig. 3) or spores of C. trifolii dem onstrated a maximal in crease of the PA L activity 10 h after inoculation. The highest CHS activity was detected after 24 h. The accumulation of l a was also m onitored and the results indicated that the highest concentration of glabridin occurred 28 h after induction (Fig. 3) .
